Regenerative medicine possesses the potential to ameliorate damage to tissue that results from a vast range of conditions, including traumatic injury, tumor resection and inherited tissue defects. Adult stem cells, while more limited in their potential than pluripotent stem cells, are still capable of differentiating into numerous lineages and provide feasible allogeneic and autologous treatment options for many conditions. Adipose stem cells are one of the most abundant types of stem cell in the adult human. Here, we review recent advances in the development of synthetic scaffolding systems used in concert with adipose stem cells and assess their potential use for clinical applications.
Stem cells in regenerative medicine
Regenerative medicine is an immense field focused on the replacement, and regeneration of human cells and/or tissues to restore normal functions [1, 2] . The replacement of damaged or diseased tissue with functioning healthy cells is the primary goal of this field. The use of stem cells has become fundamental to its rapid expansion and the foundation for developing therapies to treat congenital defects, traumatic injury and disease in a patientspecific manner through the use of autologous tissue [3] . Since the first documented use of the term 'regenerative medicine' and the isolation of human embryonic stem cells, efforts to develop synthetic scaffolds for use in conjunction with stem cells have increased significantly [4] [5] [6] . The use of stem cells for regenerative treatments has achieved varying degrees of success with regards to replacing missing or damaged tissue, but progressive improvements have been brought about via recent efforts in tissue engineering [7] .
Indeed, a PubMed search for 'regenerative medicine' yields more than 30,000 publications since 1920 [8] . When the search is narrowed to include 'regenerative medicine and stem cells' a list of 11,770 publications is returned. Refining this search still further by using key words such as 'mesenchymal stem cells' yields only 1148 publications. Finally, using the phrase 'regenerative medicine and adipose-derived stem cell' (ASC) produces a total of 156 publications from 2005 to 2016, an indication that research involving ASCs in the field of regenerative medicine remains in its infancy.
Surgeons in the American Society of Plastic Surgeons preformed more than 5.8 million reconstructive surgeries in 2015 alone to repair defects arising from tumor resection, traumatic injury, maxillofacial abnormalities, laceration repair and scar revision [9] . However, even the most common treatments show a significant and unpredictable loss of transplanted tissue volume over time. Volume loss For reprint orders, please contact: reprints@futuremedicine.com 10 .2217/rme-2016-0064
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future science group Review Clevenger, Luna, Fisher & Clegg is a main reason for treatment failure, and therefore a need exists for a microenvironment that produces repeatable, sustainable results over many years. To this end, a biologically inert scaffolding system that can be tailored to the needs of individual patients and presents a means for maintaining tissue volume may prove to be a significant advancement over current treatments.
Bone marrow-derived mesenchymal stem cells (BMMSCs) are a type of adult stem cell commonly used in numerous therapies including liver failure as a result of hepatitis B [10] . BM-MSCs have been approved for use in humans since 1995, and are currently being used in 272 clinical trials according to clinicaltrials.gov. However, unlike pluripotent embryonic stem cells, MSCs are multipotent cells that possess the ability to differentiate into various cell types, including adipogenic, chondrogenic, osteogenic, muscular, cardiac and endothelial lineages [11] [12] [13] [14] [15] . The International Society for Cellular Therapy (ISCT) uses three criteria to define MSCs regardless of their source: first, plastic adherence in standard culture conditions; second, expression of nonspecific surface markers CD105, CD90 and CD73 and the absence of CD34, CD45, CD14 or CD11b, CD79α and HLA-DR; and third, differentiation into osteoblasts, adipocytes and chondroblasts under specific stimuli in vitro [16, 17] . The benefits of using adult MSCs for treatments include the ability for autologous transplants and the absence of ethical controversies surrounding their use. Adipose tissue provides an alternative high-yield source of adult stem cells known as ASCs that are predominately obtained through rudimentary liposuction procedures [18, 19] .
ASCs share many similarities with BM-MSCs including their potential to develop into similar cell lineages and have no clear distinction between the populations in terms of surface marker or gene expression [16, [20] [21] [22] [23] . It has been suggested that ASCs can be distinguished from BM-MSCs by their expression of CD36 (F.A.T. -a protein involved in fatty acid metabolism) or CD49d (integrin α4 -a subunit of the integrin receptor for fibronectin and VCAM-1), as well as the lack of CD106 (VCAM1 -a protein involved in the adhesion of vascular cells). However, each of these proteins shows variability in expression patterns between specific ASC populations [24] . Investigations into the gene expression profiles of BM-MSCs and ASCs found that 13.2% of 384 genes examined were differentially expressed between the two populations. Although no identifying markers were specific to each population, genes more highly expressed by ASCs were mainly involved in cellular communication (FGF9, IL1R2, CCL3 and KDR) while those with higher expression by BM-MSCs were involved in WNT signaling and differentiation pathways (WNT11, WNT7B and SOX6 ) [25] .
ASCs are ten-times more abundant than BM-MSCs in the tissues from which they are isolated. Additionally, ASCs demonstrate a higher proliferative potential, show consistent growth rates in culture and are procured from a minimally invasive procedure by comparison [26, 27] . Furthermore, ASCs are robust, capable of self-renewal, can be collected in large quantities and easily expanded in culture. These qualities identify ASCs as a promising source for use in therapeutic regenerative medicine [28] [29] [30] [31] .
Over the last 18 years, many techniques have been developed to create scaffolding materials that are compatible with stem cells as well as transplantation sites. Scaffolds generated prior to cell seeding allow for the use of reagents typically considered 'harsh,' thereby expanding the potential library of materials for therapeutic use. Topical seeding of cells has been one approach used in the development of synthetic scaffolds in regenerative medicine, but often results in a very low penetration throughout the material, leading to a heterogeneous cellular distribution within the scaffold [32] . Another tactic for the development of scaffolds as regenerative therapies is the use of decellularized extracellular matrix (ECM). These scaffolds are generated from allogenic or xenogenic tissues and are popular for applications involving heart valves, blood vessels, tendons and ligaments. Importantly, this technique most closely mirrors the mechanical and biological properties of human tissue [33] . Complications from using this approach may arise if all cellular components of the donor tissue are not thoroughly removed prior to implantation, increasing the likelihood of immunological rejection, thereby requiring the long-term use of immunosuppressant drugs. Cell encapsulation in natural or synthetic hydrogel matrix is yet another method used in scaffold engineering, since these frameworks can be designed to provide biomimetic environments that polymerize from a liquid to a solid polymer network under specific conditions. By using a one-step procedure to encapsulate stem cells instead of topical cell seeding, a more homogenous cell density with exceptional cell viability is achieved. Here, we provide an overview of the field by examining a collection of synthetic scaffolds currently used in conjunction with ASCs to treat defects of various tissue types.
ASCs in synthetic scaffolds for cartilaginous regeneration
Cartilage is flexible connective tissue located in joints between bones, but regions of cartilaginous tissue also exist in the ear, nose and rib cage. Unlike bone, cartilage is not rigid; however, it is less flexible than muscle or other types of connective tissues, such as fat. Cartilage is important in providing flexibility to the skeletal system, a critical feature that allows for proper function. Cartilage is primarily composed of chondrocytes, cells responsible for producing the ECM proteins required for the tissue's unique mechanical characteristics [34] [35] [36] [37] . Cartilage is unable to self-repair after blunt-force trauma, athletic injury, disease or agerelated degeneration. The number of knee surgeries to repair articular cartilage damage each year in the USA increases by 5% annually [38] . The natural lack of vascularization in addition to the minimal cell-tocell contact restricts cartilage to only minimal spontaneous healing because of the slow dissemination of healing factors to distant cells. Because of these characteristics, treatments frequently consist of surgically removing damaged tissue in order to reduce pain and restore function [35, 37, 39] . A regenerative approach to cartilage replacement therapy involves the restoration of proper cellular morphology, and the prevention of further deterioration. Current treatments, such as allografting, can carry small, but serious risks of infection and disease transmission while treatments such as autologous chondrocytic transplantations may result in degenerative changes accompanied by pain [36, 37, 40] .
ASCs can be induced into chondrogenic differentiation in vitro by the combinatorial influence of growth factors, such as TGF-β1 and TGF-β3, BMP-4 and bFGF. ASCs provide several advantages over autologous chondrocyte treatments because they do not induce an inflammatory response, form new cartilage and possess the potential for restoring long-term cartilage function. The use of 3D scaffolds has gained momentum in the field of cartilage restoration because of their ability to overcome the growth inhibition typically observed in standard in vitro cultures [41, 42] . Synthetic platforms provide locations for ASCs to adhere, thereby providing an environment conducive for growth and proliferation. Additionally, scaffolds have also been shown to promote differentiation and enable cells to achieve a cartilage-like morphology and express chondro-specific molecules, such as COL2A1 and CSPCP [43] .
Poly-lactide-co-glycolide (PLGA) is a copolymer approved for numerous therapeutic uses in humans by the US FDA since 2001. This copolymer may act as a stable or a biodegradable material depending on its formulation, and it possesses a permeable pore network that supports cell adhesion and proliferation. Mehlhorn and Zwingmann showed that these scaffolds were suitable cell carriers for chondrocytes. Furthermore, PLGA networks seeded with ASC-chondrocytes showed excellent volume stability and sufficient elasticity comparable to natural cartilage [44] . These results suggest that PLGA may serve as an effective scaffolding system for chondrocytes derived from ASCs.
Another avenue employs the use of fibrous polyglycolic acid (PGA) stabilized by polylactic acid (PLA). Cui et al. demonstrated that this combination of polymers produced promising results during the initial attachment of ASCs, and subsequent proliferation of chondrogenic-induced ASCs. In addition, cells deposited cartilage-specific ECM proteins within the polymer. Degradation times of approximately 2 months in vivo appeared to match the natural mechanisms of new cartilage formation. Thus, PGA/PLA in combination with ASCs may also serve as a synthetic scaffold for cartilage regeneration [43] .
While PLGA and PGA/PLA comprise the bulk of synthetic polymers used for cartilage regeneration, other synthetic gels incorporate hyaluronic acid (HA), an important component of cartilage, into poly(ethylene)glycol (PEG) polymers. Unterman et al. showed that HA-interacting PEG hydrogels improved cartilage tissue formation in vitro and in vivo in instances where HA was presented at a later stage of differentiation, subsequently resulting in increased chondrogenic phenotypes [45] . Here, carefully considering properties of the native environment resulted in increased success by incorporating HA components that mimic the desired tissue. This is an important case that demonstrated functionalization of a scaffold to more closely replicate a desired environment had a positive effect on graft viability [46] . 3D cell printing, or bioprinting, has become an increasingly attractive option for the treatment of bone lesions as it provides a means to create scaffold structures that alleviate the limitations of the fields due to the complex 3D geometries associated with defects. The use of cells in prepolymer 'bioink' allows a layerby-layer deposition in a 3D construct that is analogous to tissues and organs [47, 48] . This technique provides unique opportunities to develop complexly shaped scaffolds from synthetic material that encapsulate cells as shown by Lee et al. [49] . The fabrication of a structure with an ear shape with chondrocytes and adipocytes derived from ASC-derived cells in a polycaprolactone (PCL) hydrogel demonstrated a successful composite tissue. The efficient chondrogenesis and adipogenesis of the cell-printed structure resulted in a step forward for the practicality of 3D printing complex organs for tissue regeneration.
ASCs in synthetic scaffolds for osteogenic therapeutics
In contrast to cartilage, bone has regenerative capacity due to its inherent population of osteoblasts and osteoclasts (bone-forming and bone-resorbing cell types, respectively) [50] . However, these processes are frequently perturbed in cases of trauma, disease or Review Clevenger, Luna, Fisher & Clegg tumor resection. Bone autografts, in other words, harvesting bone from one anatomic site and grafting into another site in the same subject, is one of the primary approaches currently used for bone augmentation in a variety of orthopedic and maxillofacial procedures. Approximately 800,000 patients receive these grafts annually [51] , and while significant skeletal incorporation has been observed in these types of grafts many drawbacks still exist using this approach, such as delayed healing, a complete failure to heal, morbidity at donor sites, quantity restrictions, substantial financial costs due to additional procedures to harvest transplant tissue and discomfort for the patient [52] [53] [54] [55] .
Collectively, focus has begun to shift toward the development of synthetic systems for use in conjunction with ASCs to replace traditional bone grafts. One study determined that PLGA is a viable scaffold for osteogenic differentiation of ASCs. After 2 weeks of osteogenic induction, mineralized nodular structures were observed by Alzarian Red and von Kossa staining, indicating successful calcification of the ECM [56] . The use of PLGA scaffolds for osteogenic differentiation provides a viable polymer scaffolding option, however, further investigation is needed to determine what external cues may be necessary prior to graft implantation of this particular material, which has shown promise for applications involving chondrogenic and adipogenic lineages; indicating that the basic polymer supports numerous cell fates and must be modified to help direct differentiation.
While polymers have proven to be useful in a variety of other fields, osteogenesis may require unique materials due to the highly specialized mechanical properties of natural bone. Thus, regenerative osteogenic technology has begun to employ the use of titanium metal to create a space that facilitates the migration of implanted cells and their osteogenic differentiation. Titanium is an inert biomaterial that possesses exceptional mechanical strength, is biocompatible and therefore, a prime candidate for use in regenerative applications involving bone. ASCs have shown compatibility with titanium systems, as well as displayed suitable cell adhesion. As a scaffold, titanium enables adhesion and osteoblastic differentiation of ASCs in vitro, indicated by an increased deposition of ALP and BGLAP (ECM proteins necessary for matrix mineralization) as well as calcification, confirmed by von Kossa staining [57, 58] . The ability of ASCs to acquire the proper phenotypic differentiation as well as produce an ECM and a mineralized matrix suggest titanium as an attractive material as a filler or support structure for bone in growth in regenerative medicine [57] .
Calcium phosphate ceramics (CPCs) are another class of scaffolds used for bone regeneration. These are promising synthetic materials due to their resemblance to bone mineral, their malleable bioactive properties and their surface characteristics, which support osteoblast adhesion, proliferation and differentiation in vivo [59, 60] . Most CPCs examined have been shown to be osteoconductive (growth of bone on a surface) while only certain types exhibit osteoinductive (recruitment and differentiation of immature osteocytes) abilities. There is evidence, however, that increased mircoporosity increases the amount of bone inducing proteins secreted by ASCs in vitro [61] . The similarities of CPCs to bone, along with their ability to induce bone growth and promote secretion of important proteins elevate these materials as an intriguing and exciting possibility for osteogenic therapies.
While the similarities of CPC to bone have proven to be beneficial to osteogenic regeneration, the use of decellularized bone (DCB) in combination with PCL shows even greater promise. PCL is a biodegradable polyester polymer used to circumvent the inability of 3D printers to use DCB alone as a printing material. The use of 3D printers to engineer-scaffolding systems using PCL has shown enhanced adhesion of ASCs. These cells exhibited significant upregulation of osteogenic genes such as BGLAP, runx2 and SPARC. It was also demonstrated by Alzarian Red staining that ASCs on DCB:PCL materials showed increased calcification. When scaffolds were implanted into calvarial defects in mice, DCB:PCL scaffolds invoked nearly twice the volume of regenerated bone in 12 weeks compared with PCL alone [62] .
The use of 3D-printed PCL scaffolding without addition of natural components has also shown by varying the internal pore size of the scaffold, it is possible to influence cell seeding of ASCs. By manipulating this parameter, Temple et al. were able to achieve optimal vascular and osteogenic differentiation in 3D-printed scaffolds [63] . This study also showed that maintenance of complex geometrical features such as maxilla and mandible bones maintains this porosity and therefore allows for cell seeding and vascularization similar to previous in vivo studies Similar to PCL, polymers used in other regenerative studies, such PLGA can be blended with natural components to make them more amenable to 3D printing. Lee et al. determined that by 3D printing PLGA scaffolds impregnated with BMP-2 and ASCs, it is possible to achieve mandibular regeneration [64] . The use of a small-animal model of mandibular defects allows investigation of the potential for union of transplanted scaffolding with natural bone, within a site of segmental defect. Similarly, Kao et al. demonstrated that coating of 3D-printed PLA with bioinspired synthetic coatings increased the adhesion, proliferation, as well as the osteogenic and endothelial differentiation of ASCs in 3D structures [65] . These simple modifications to syn- Strategies for bioengineered scaffolds that support adipose stem cells in regenerative therapies Review thetic 3D-printed scaffolds may serve as the basis for effective delivery carriers in bone tissue engineering.
ASCs in synthetic scaffolds for soft tissue regeneration
Soft-tissue defects are relatively common, accounting for nearly 10% of all emergency department visits in addition to causes previously examined (i.e., trauma, tumor resection) [66] . More than 100,000 breast reconstructions after mastectomy, and over 200,000 maxillofacial surgeries were performed in 2015 alone and it is predicted that there will be more than 12,000 new cases of soft-tissue sarcomas in the USA in 2016 [9, 67] . The current treatment for many of these conditions is autologous lipotransfer, a procedure involving collecting fat tissue from a patient, minimally manipulating the resultant lipoaspirate and relocating it to the site of reconstruction [68] [69] [70] [71] . Although used widely, reports show that there is extensive variability of longterm lipotransfer graft survival, due to unpredictable degrees of resorption and tissue volume loss that can range from 20 to 90% [32, 72, 73] .
Variations in soft-tissue graft survival have been attributed to many causes including a lack of local angiogenesis, sample preparation, as well as innate properties of the transplant site [70] . In a national consensus survey, 92% of physicians stated that their patients experienced some degree of resorption, 52% reported a resorption rate of 50% or greater [74] . Mature adipocytes constitute the majority of the transplant volume, and since these cells are in a terminally differentiated state, they lack the ability for self-renewal and proliferation. The primary cause for transplant death is the lack of revascularization of the transplanted tissue. Success rates are often reported to be as low as 20%, while successful transplants are commonly attributed to the relatively small population of ASCs present in the transplanted fat, and can be enhanced by increasing the number of stem cells transplanted [70, 75] . Thus, significant volume loss in these types of transplants provides motivation for finding ways to decrease the loss and thereby increase the likelihood of a successful transplant. The recent development of cell-assisted lipotransfer using concentrated ASCs as a lipoaspirate additive before transplantation leads to significantly improved results, specifically in terms of thickness gains observed during the first 6 months, and a reduction in thickness loss at 1 year [76] . However, even cases using stem cell enrichment, marginal volume losses were still documented, and in most cases no gain of regenerated tissue was reported [70] . Therefore, engineering synthetic scaffolds that can support the survival of the transplanted stem cell population while simultaneously promoting adipogenic differentiation has been proposed as a novel avenue for improving the success of these types of transplants.
Various synthetic scaffolding materials have been examined to determine structural viability for stem cell survival and adipose tissue reconstruction. Patrick et al. demonstrated that ASCs seeded into a PLGA scaffold and implanted subcutaneously into rats showed maximum adipose tissue formation after 2 months, but noted that between 3 and 12 months, a complete loss of reconstructed adipose tissue and degeneration of the PLGA scaffold occurred [77] . This loss of tissue may arise from the degradation of the scaffolding, especially since signs of PLGA degradation were apparent as early as 1 month post-transplantation. Thus, successful scaffolds for adipose tissue transplantation may require prolonged degradation times in order to allow for the maturation of regenerating tissue.
Cho et al. demonstrated that implanting a support made of PGA and PLA before injecting pre-adipocytes provided enough support to maintain the volume of the implants and showed regeneration of the adipose tissue after 6 weeks in athymic mice [78] . However, this approach utilizes an implant primarily acting as structural support for ASCs that are injected in a solution. Although stability of the transplanted volume was reported, there was no systematic method to measure pre-implantation volume, leading to difficulties in determining whether adipose growth was due to the implanted cells. Additionally, no conclusive evidence was shown to indicate that the regenerated cells originated from transplanted ASCs. In clinical applications, it will be imperative to determine that the incorporation and differentiation of implanted cells replaces missing tissue.
The use of blended copolymers has recently become increasingly popular for applications in therapeutic treatments. The blending of poly(glycerol sebacate) (PGS), a biodegradable and biocompatible synthetic elastomer specifically designed to imitate the mechanical behavior of soft tissue, with PLA (to overcome the quality and flexibility concerns of using PGS alone) has shown promise. Frydrych et al. showed that ASCs seeded onto the surface of a PGS/PLA scaffold exhibited significant amounts of cellular penetration and substantial collagen accumulation over 21 days [79] . However, in vitro degradation assays determined that degradation appeared to progress too rapidly (50% loss after ~30 days) for this scaffold to support the growth of target tissue, a phenomenon also observed by Patrick et al. [77] .
Blending different scaffolding polymers provides the advantage of utilizing the positive attributes of each material. Lin et al. used mixtures of gelatin sponges and polyglycolic meshes encased in microfilament polypropylene mesh to support adipose tissue regeneration using predifferentiated ASCs [80] . The
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Regen. Med. (Epub ahead of print) future science group Review Clevenger, Luna, Fisher & Clegg gelatin-polyglycolic mesh was observed to degrade completely within 60 days; however, the polypropylene mesh is biostable and remains as a permanent resident of the transplant procedure. In fact, it was demonstrated that after 6 months in vivo these scaffolds retained their shape, a trait attributed to the nondegradable mesh, while the newly formed adipose tissue occupied the space within the scaffold [80] . This avenue is an improvement in terms of the longevity of engineered adipose tissue; however, this system is complex and requires lengthy in vitro cultures, thus it may prove too difficult to translate to clinical applications.
While each of these synthetic scaffolds possesses positive attributes, each neglects to consider important interactions of cells with their surroundings. Immediately following seeding into a synthetic scaffold, cells must be afforded sites of adhesion from which they are able to receive signals for survival, proliferation and differentiation. Since these polymers are biologically inert, it is critical to engineer attachment sites that provide favorable interactions between the ASCs and their surroundings. PEG is a polymer that was approved for use in humans by the FDA in 1979, and is currently used in a myriad of applications ranging from food additives to pharmaceutical products and drug delivery systems [81, 82] . Recently, it was demonstrated that incorporation of Arg-Gly-Asp (RGD) variant peptides (linear RGD, cyclic RGD and vitronectin-derived RGD) into PEG-based gels is a feasible approach to functionalizing an inert biomaterial [83] [84] [85] [86] [87] . These peptides provide sites for ASC attachment at the time of cell incorporation. It was demonstrated that various adhesion peptides provided transplanted ASCs with enhanced directed adipogenic differentiation by comparison to systems that contained no attachment peptide. Peptides considered to be highly adhesive lead to smaller lipid vacuoles and thus immature adipocytes. However, peptides containing RGD derived from vitronectin (less adhesive) allowed ASCs to attach when incorporated into the hydrogel, while remaining rounded morphologically [88] . This approach demonstrates that the initial environment encountered by ASCs may influence their ability to differentiate in 3D scaffolds.
Conclusion
Despite its relative youth, the field of regenerative medicine is expanding quickly, encompassing exciting developments in the area of bioengineering, stem cell biology and materials research. ASCs hold enormous potential in this field. The multipotency of ASCs provides the potential building blocks for the treatment and regeneration of damaged tissue. Their relative abundance, and their ease of access, suggests that ASCs may provide an improvement over other stem cells used in therapeutic treatments.
The design of complex and smart materials able to interact with cells to direct their biological response and differentiation has been on the rise since the advent of tissue engineering. It has been shown that the interactions of cells with their environment plays a critical role in their health and development [89] . In order to regenerate and restore healthy tissue after an insult, disease or defect the ability to direct implanted cells along specific pathways may prove to be paramount. There are Strategies for bioengineered scaffolds that support adipose stem cells in regenerative therapies Review many avenues currently under investigation to determine the best method of combining ASCs and synthetic scaffolds to obtain an optimal graft or implant for the desired application. [88] . The use of vitronectin-derived attachment peptides promoted the development of larger lipid vacuoles, further suggesting that the interaction of the ASCs with their scaffolding may have a significance impact on the desired differentiation and health of implanted cells [90, 91] . Biomimetic PEG hydrogels may prove to be superior synthetic scaffolds for use in tissue reconstruction [92] [93] [94] .
Future perspective
Applications of adipose-derived stem cell therapies have enormous potential for expanding the field of regenerative medicine. Their ability to differentiate into numerous cell types, as well as their abundance, places ASCs at the forefront in the development of next-generation therapeutic treatments. Vascularization of grafts and implants is another chief concern with respect to cell viability. This is a critical issue in current approaches for regeneration and treatment, and thus an important factor to address when developing new synthetic scaffold systems. The ability of ASCs to differentiate into endothelial cells along with a scaffold that supports a desired differentiation may increase the chances of achieving a scaffold that produces viable, long-lasting, vascularized tissue [95] [96] [97] [98] .
Transitioning scaffolding materials from the laboratory to clinical applications poses challenges that require further investigation. For example, additional demonstration of long-term safety in preclinical animal models will be necessary prior to their use in clinical applications. This process is timely, labor-intensive and expensive; however, the treatment benefits will outweigh the initial hurdles encountered in the exploration and development of synthetic scaffold for use as regenerative therapeutics.
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Executive summary
Adipose stem cells in synthetic scaffolds for cartilaginous regeneration
• Synthetic scaffolds made from polymers such as poly-lactide-co-glycolide (PLGA), polyglycolic acid/polylactic acid (PLA) and poly(ethylene)glycol show the ability for adipose-derived stem cells (ASCs) to survive and differentiate along a chondrogenic lineage.
ASCs in synthetic scaffolds for osteogenic therapies
• Titanium, calcium phosphate ceramics and PLGA promote the mineralization of extracellular matrix secreted by ASC-derived osteocytes.
ASCs in synthetic scaffolds for adipogenic replacement
• PLGA, polyglycolic acid/PLA and polyglycerol sebacate/PLA are all blends of synthetic polymers that have been used in the adipogenic differentiation of ASCs.
• Poly(ethylene)glycol scaffolds containing different adhesive peptides have shown the in vivo influence the adipogenic differentiation of ASCs.
